INTRODUCTION
Water quality is critical to overall animal physiology [1] . And, to a large extent, it depends on the water source, prevailing environmental factors and human activities [2, 3] . Water pollution resulting from environmental factors as well as human and industrial activities could be worsened with poor urban sewage system and consequent seepage of wastes to streams [4] along with heavy metals can enter streams. Heavy metals are not biodegradable hence could bioaccumulate to exert varied toxic influences in animals, aside compromising the water quality or potability [5] [6] [7] [8] [9] [10] . Thus, the seepage of heavy metals into streams is a significant environmental problem hence worrisome [11, 12] . Either banks of waterside River Ogbor hill Aba traverse the rear of many factories, including breweries, soaps and detergents factories. This coupled with activities peculiar to abattoirs (hide and skin burning), auto mechanic workshops, human wastes, and general refuse disposal by the teaming inhabitants in the densely populated waterside area could predispose WRO to contamination and pollution. Earlier reports indicated acidic property of the WRO samples and attendant adverse influences on indicators of hematological and kidney functions [13, 14] . Liver is the main metabolic organ for detoxification [6] . This predisposes the liver to first line damage and degeneration following toxic assault. Hence, assessing liver function remains vital to monitoring adverse influence or otherwise of xenobiotics. Thus, this study aimed to determine some heavy metals compositions of three-point samples of waterside River Ogbor hill Aba (WRO) and to assess the effect of the water samples on hepatic histo-morphology and some seric bio-functional indicators of Wistar rats. The objectives of the study for achieving the study aim as entitled and stated include the determination of cadmium, manganese, iron, zinc, lead, nickel and chromium compositions of threepoint samples from waterside River Ogbor hill Aba as well as assessing the influence of the samples on hepatic histomorphology and serum activity of alanine aminotransferase, aspartate aminotransferase and alkaline phosphatase (and the corresponding diagnostic ratios) of rats. Enzyme activity is particularly important in assessing pathological conditions [15] . And, serum alanine aminotransferase and aspartate aminotransferase activities are particularly most used biochemical indicators of hepatocellular injury [16] . The results of this study could provide further insight into the quality status of, and possible hepatic health implications of consuming, WRO.
MATERIALS AND METHODS

Sample collection
Three-point water samples were collected from the waterside River Ogbor hill Aba thus: The first point, Upstream, the second point, Downstream and the third point, Midstream. The water samples were collected using a properly labeled plastic containers and used without any treatment.
Animal study
Animal procurement and exposure groups
Twenty adult male albino rats (Rattus novergicus) used in this study were procured from the animal house of the Faculty of Biological Sciences, University of Nigeria, Nsukka. The animals were acclimatized for 2 weeks and then randomized (based on weight) to four experimentation groups with sample size of five rats.
Rats in the Group A (Control) were sham-exposed to 0.5 ml of clean sachet water while rats in Groups B, C and D were respectively exposed to 0.5 ml of WRO sample collected Upstream, Midstream and Downstream. The exposure was per oral, using a gavage, and daily for 4 weeks (twenty-eight days). Rats in all the groups were allowed free access to water and rat chow (commercial growers mesh feeds (Vital Feeds, Jos Nigeria).
Sacrifice, blood sample collection and preparation
After 4 weeks (28 days) exposure, the rats were fasted overnight and sacrificed the next day by cardiac puncture technique after cervical dislocation and the blood sample of the respective rats was collected individually into clean non-heparin tubes. The respective blood sample thus collected was allowed to clot and then centrifuged at 3000 g for 10 min. The resultant serum sample was separated and stored in a refrigerator at 0 o C and used the next day to determine the studied serum bio-indicators of hepatic functions viz: aspartate amino transferase, alanine amino transferase, alkaline phosphatase activities. Relevant corresponding ratios of these bio-indicators were calculated from the results obtained in this study.
Ethical consideration
This study considered and adhered to the standard ethical use of experimental animals. Throughout the experimentation (acclimatization and exposure periods), all rats were housed at 25 o C in stainless steel cages under normal daylight/dark cycle and humid tropical conditions. The rats were allowed free access to rat feed (Vital Feeds, Jos Nigeria) and tap water, and generally received humane care in accordance with the guidelines of the National institute of Health, USA for ethical treatment of laboratory animals as approved by the various (departmental and college) ethical committees of Michael Okpara University of Agriculture Umudike, Nigeria.
Determination of some water quality indicators (some heavy metals viz cadmium, zinc, iron, manganese, nickel, lead, chromium) of WRO samples Some heavy metals (cadmium, zinc, iron, manganese, nickel, lead, and chromium) in the water samples were determined by the Perchloric acid digestion method as described in [17] . The water sample was mixed thoroughly before transferring 200 mL into a flask. A volume of 50 mL of concentrated HNO 3 and a few toiling chips were added and evaporated on a hot plate to 10 mL. Then 5 ml of concentrated HNO 3 and HCLO 3 were added after boiling in the flask. The solutions were evaporated on the hot plate until dense white fumes of perchloric acid appeared. It was cooled and diluted to 20 mL with deionized water and boiled to expel chlorine, cooled again and filtered. The content was transferred to a 250mL volumetric flask and the volume made up to volume to 100mL. The digested sample was used for the determination of the concentration of the heavy metals using Atomic Absorption Spectrophotometer (AAS), (UNICAM 939) using the appropriate cathode lamp and wavelengths for each heavy metals by direct aspiration. Mixed acid digested water was used to zero the instrument. The absorbance was compared to the identically prepared standard curve.
Determination of some seric bio-functional indicators of liver (alanine aminotransferase, aspartate aminotransferase and alkaline phosphatase activity)
Serum alkaline phosphatase activity in the rats' serum was determined using the commercial diagnostic kit (Randox Enzyme Kit, United Kingdom). This was based on the optimized standard method as described [18] . Serum aspartate aminotransferase (AST) activity and alanine aminotransferase (ALT) activity were determined by the method of Reitman and Frankel [19] as earlier described earlier [20, 21] . This was based on the principle that oxaloacetate or pyruvate respectively reacts with chromogen (2,4-dinitrophenyhydrazine) in an alkaline medium to form coloured hydrazone that is proportional in concentration (as measured from the colour intensity) to the aspartate aminotransferase or alanine aminoteransferase activity.
Calculation of some diagnostic ratios and change relative to control
Diagnostic ratios were calculated from the result of corresponding parameters as obtained in this study. The calculation of change relative to control was as developed earlier [22] and severally used [21, [23] [24] [25] [26] [27] [28] . Change relative to control was calculated using the relation: 
Examination of hepatic histo-morphology
Liver sections were collected and fixed in 10 % v/v phosphate buffered formalin for a minimum of 48 hours. The tissues were subsequently trimmed, dehydrated in 4 grades of alcohol (70%, 80%, 90% and absolute alcohol), cleared in 3 grades of xylene and embedded in molten wax. On solidifying, the blocks were sectioned to 5µm thick with a rotary microtome, floated in water bath and incubated at 60˚C for 30 minutes. The 5µm thick sectioned tissues were subsequently cleared in 3 grades of xylene and rehydrated in 3 grades of alcohol (90%, 80% and 70%). The sections were then stained with Hematoxylin for 15 minutes. Blueing was achieved with ammonium chloride while differentiation was with 1% acidic alcohol before counterstaining with Eosin. Permanent mounts were made on degreased glass slides using a mountant; DPX. The prepared slides were examined with a Motic™ compound light microscope using ×4, ×10 and ×40 objective lenses. The photomicrographs were taken using a Motic™ 9.0 megapixels microscope camera at ×400 magnifications
Statistical analysis
All numeric data collected were analyzed by one way analysis of variance (ANOVA) using the statistical package for Social Sciences (SPSS version 17; SPSS Inc., Chicago.IL.,USA). Results were presented as means ± standard deviation (Mean ± SD) at 95 % significance level (p < 0.05). As depicted on Table 1 , Manganese, Iron and Cadmium were not detected in any of the samples from WRO. Zinc was detected only in the downstream sample and the value was the same as the recommended standard. Lead composition value was higher in the downstream sample than that which was the same in the upstream and midstream samples but none was lower than the recommended standard. Midstream water sample from WRO had the highest Nickel content compared to that which was the same in upstream and downstream samples. The Nickel content in all the water samples was lower than the recommended standard for other purposes but quite high compared to the standard for drinking water. As shown on Figure 1 , the Chromium content was highest in the downstream sample followed by that in midstream while the least was in the upstream sample. The Chromium content in all the water samples was lower than the recommended standard for other purposes but higher than the standard for drinking water. Value presented as mean ± SD of sample size, n = 5 rats. Significant difference at p<0.05. + denotes higher by; − denotes lower by.
RESULTS
Table1. Heavy metals compositions of three-point (Upstream
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activity of the rats by 99.34 and 100.65 %, respectively as compared with the control. The observed difference in the serum ALT activity of upstream-exposed rats was significant (p<0.05) compared with that of either midstream or downstream-exposed rats. However, the serum ALT activity of the midstream and downstream-exposed rats was statistically similar (p>0.05). Exposing rats to either upstream, midstream or downstream sample from WRO caused a higher (p<0.05) serum AST activity compared to the control. The observed serum AST activity was statistically different (p<0.05) among the respective three-point sample-exposed groups (Table 2) . Value presented as mean ± SD of sample size, n = 5 rats. Significant difference at p<0.05. + denotes higher by; − denotes lower by.
As depicted on Table 3 , exposing rats to either upstream, midstream or downstream sample from WRO caused statistically higher (p<0.05) serum ALP activity compared to the control. The observed serum ALP activity of upstream-exposed rats was statistically lower (p<0.05) compared to either that of midstream or downstream-exposed rats which was statistically similar (p<0.05). The computed AST:ALT ratio in the upstream-exposed rats markedly increased (p<0.05) above while the ALT:AST ratio decreased (p<0.05) below the corresponding parameters in the other groups including the control. The computed AST:ALT and ALT:AST ratios of the midstream-exposed rats were similar whereas the reduction in these ratios observed in the downstream-exposed rats was not significant (p>0.05) on compared with the control (Table 3) . Value presented as mean ± SD of sample size, n = 5 rats. Significant difference at p<0.05. + denotes higher by; − denotes lower by.
The computed ALT:ALP ratio in the upstream-exposed rats decreased (p<0.05) below while the ALP:ALT ratio increased (p<0.05) above the corresponding parameters in the other groups including the control. The computed ALT:ALP and ALP:ALT ratios of the midstream-exposed rats were statistically similar (p<0.05) compared with that of the downstream-exposed rats ( Table 4) . As depicted on Table 4 , exposing rats to either upstream, midstream or downstream sample from WRO caused statistically higher (p<0.05) computed ALP:AST but lower ALP:AST ratios compared to the control. The observed AST:ALP and ALP:AST ratios were statistically different (p<0.05) compared among rats exposed to the respective three-point water samples.
Effect of three-point (Upstream, Midstream and Downstream) water samples from waterside river, Ogbor hill Aba, Abia State on the histo-morphology of normal male Wistar rats
Photomicrograph of liver section collected from animals in the normal group (Plate 1) showed normal hepatic histo-morphology with normal hepatic artery (HA), hepatic vein (HV) and bile duct (B). Photomicrograph of the liver section from rats in the group exposed to upstream water sample showed moderate periportal to midzonal hydropic degeneration as evidenced by normal hepatocytes around the central vein (V) but vacuolated cytoplasm of the hepatocytes further away from the central vein (Plate 2).
Photomicrograph of the liver section of rats that were exposed to the midstream sample from WRO (Plate 3) revealed widespread hydropic degeneration of the hepatocytes within the central vein (V).
DISCUSSION
Three-point samples from waterside River Ogbor hill Aba (WRO) were assessed for heavy metals content and effect on rats' hepatic histo-morphology and seric bio-indicators. This was because inhabitants depend solely on WRO notably in the dry season, and water quality is critical to animal physiology [3, 29] . Lead and chromium were, while nickel was, highest respectively in the downstream and midstream samples compared to upstream sample and standard, suggesting possible overriding non-potability [5] and inherent heavy metals-related toxicity of the downstream and midstream samples from WRO. Heavy metals are toxic even at low concentration [30] . Thus, the prevalently high content of lead, nickel and chromium as noted in this study may result to toxic manifestation following intake of WRO samples [15] . Change relative to any group was computed in this study as the result has the unique advantage of providing a better understanding of the magnitude of a seemingly negligible numeric change between the compared groups. It thus provides credence to the statistical significance values. In this study, statistical significance (p<0.05) was confirmed or substantiated by relative change of up to and above ten percent. Upstream sample exposure lowered (p<0.05) while midstream and downstream samples exposure increased (p<0.05) serum alanine aminotransferase (ALT) activity as compared to that of control rats. This invariably indicated overriding adverse influence of downstream or midstream samples exposure on the rats' liver since ALT is a specific marker for liver damage [31] . In previous studies, increased serum ALT activity indicated liver injury [20, 16] . Thus, the lower serum ALT activity in the upstream-exposed rats could be suggestive that upstream sample of WRO did not elicit hepatotoxic effect in the rats. The higher (p<0.05) serum aspartate aminotransferease (AST) activity of the samples compared to control was statistically different (p<0.05) among the groups. This suggested sample-dependent compromised liver and/or other high metabolic organs in the rats since AST enzyme occurs in other high metabolic organs aside the liver. Serum AST and ALT are the most used biochemical markers of hepatocellular necrosis and are considered sensitive indicators of hepatic injury [16] . Heavy metals-induced hepatoxicity have been reported [32] and did result to rise in transaminases in various animals [33, 34] . The role of liver in detoxification predisposes it to first line damage as could result from heavy metals assault resulting to enhanced release of ALT into the bloodstream as the defense response of the rats against heavy metals [6] . Serum alkaline phosphatase (ALP) activity in the three-point samples-treated rats was statistically higher (p<0.05) compared to control but lower (p<0.05) in the upstream-exposed rats compared to midstream and downstream-exposed rats, indicating sample-dependent compromised liver function and/or bone pathologies notably in the midstream and downstream-exposed rats. Lower serum ALP activity indicated lowered possibility of obstructive liver diseases, including cholstasis [20, 18] , seemingly confirming the possibility that the upstream did not elicit adverse effect on the rats' liver and function. The significant increase in the activity of ALP observed in the downstream and midstream exposed rats may be associated with possible leakage of the enzyme from the liver into the serum that signified hepatic damage [15] . Generally, the increase in these enzymes activity (ALT, AST and ALP) may be due to necrosis of the liver and other high metabolic organs that resulted to increased permeability of the organs following toxic assault and resultant damage of the organs [35, 36] . Heavy metals as noted in the WRO samples in this stud could induce damage on the liver (and other high metabolic organs) resulting to increased cell membrane permeability [16] hence increased release of the enzymes. These alterations could be defense response of the rats against heavy metals [6] . Tissue damage related with metals contaminated water have also been documented in other reports [37] [38] [39] .
Higher (p<0.05) computed AST:ALT (lower ALT:AST) and lower (p<0.05) ALT:ALP (higher ALP:ALT) ratios in the upstream-exposed rats compared to that of the other groups, but statistically higher (p<0.05) ALP:AST (lower ALP:AST) ratios in the three-point samples-exposed rats compared to control excluded liver damage from upstream-induced effects while implicating other high metabolic organs damage with the respective three-point samples-induced effects. In particular, higher serum AST:ALT ratio greater than the control by one and above indicated cirrhosis (hardening) of major/high metabolic organs in rats [20, 21] . Thus, the calculated serum ALT:ALP ratio greater than that of the control by one and above could be confirming the implication of damaged liver (and not that of other high metabolic organs) as responsible for the increased ALT activity in the serum while AST:ALP ratio of greater than one compared to the control could be confirmed that increased AST activity resulted from damage to other major organs.
Moderately deranged hepatic histomorphology of upstream-exposed rats but widespread hydropic degeneration or completely congested portal vein of either midstream or downstream-exposed rats' histo-morphology suggested milder upstream-induced hepatic histo-morphologic derangement while confirming the seric results. These changes could imply that the significantly high content of some heavy metals (lead, nickel and chromium) in notably the downstream and midstream samples of WRO may have intoxicated the rats liver resulting to the observed histomorphologic changes. Histomorphologic changes confirmed persistent toxic assault on organs in collaboration with seric chemistry results and at times as could not be detected by seric results [16, [40] [41] [42] . The congestion of central vein of the liver as noted in this study was consistent with hepatic response to heavy metals toxic assault in various animal models [6, 7, [37] [38] [39] 43, 44] .
CONCLUSION
Thus, the study demonstrated prevalently high heavy metals and attendant non-potability in, notably midstream and downstream, samples from WRO that seemingly reflected the adversity on the hepatic histomorphology and seric bio-indicators of the rats, warranting urgent intervention and further studies that could ensure the obliteration of the heavy metal content of waterside river Ogbor hill, Aba.
